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Abstract 



PURPOSE: To provide a method for producing the porous material excellent in crystallinity and heat 
resistance and not containing impurities. 

CONSTITUTION: The method for producing the porous material comprises the first process for 
dispersing a silicon-containing substance in an aqueous solution containing a surfactant and changing 
the pH of the dispersion to >=10, the second process for changing the pH and temperature of the 
dispersion to <10 and >=500 deg.C, respectively, to form the composite product of silicon oxide with the 
surfactant, and the third process for removing the surfactant from the composite product. 
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■MMKrtU ff-Na, Si, O s OttmtWt. ±K 
fi-Na, Si, O, 5 0 g£&3*(C#tS{<* 

[007 1 ] JfcK. _kfBigjH#*-7-f h£J?ffir§14»J-C 
fcS^U-fi'rt' F 'J^'^Vt-^Ai'P?^ F© 
iggO. 1 M**£&1 0 0 OmU y HI/fc^HKStf. # 
ffcffi £ b fc. ±fB#tfc££igg 7 0 "C-C. 3 B$R8fiSf$ t- 

[0072 ] £fC. ±tB^fSRg*^S*-C^S3L//i: 0 % 

ttf^tc. ±iB^-£#£ 1 0 0 0 m y F )\><DJ 

t»S© PHB2 tm<Dtm*®&ZffiT? SCiKA 
*). 8. 5fCH3&l,fc„ -e©?£. _bfB#ftfc8ufc9Jg£& 
^SD-'iSJib/c. ^-©fg, ilBtt^^OilU. 3r 
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[0073] wc&t%ftj&&mmic^xmw-?z. 
tmF i B±a©f-ii(c*s^T, #{&•&© p h& i 

2. 3{C^J#bfcJS^JCffP,lafcS^, fcTFf#f4F2 
StflSlsfFSB. pHtfll. 5&i>*l0. is/tib^^ 

C F 1 R^itmmC F 2 « p H*i8 . 5®LO>'7©i£^CC 

nhtncm.&wx*>z>, i/t, s^Rvit«jp!i©*gs 

tt©M«, E| 1 SOT 2 Ct^-f £ <h < I&^X^IhIJt t 
" S i MA SNMR ( S i ®#&W$&$<%) £«iJ5£-r& 

cite* «iic^tiri<simM 

io J:bS5CT©^^W4>tf-»t 0 

[007 4] St*. ilB^X^lUTCjil^CC^/c^-r 

b. a^RAD-B^s^rac^ cuKam.&xmmt 

L>X. 2S (2 0) /#T&i**4***-i'>L.fc. a 
is. ZVyhm*. lfi-0. 3mm-lgT*5. * 
©fS**H 1 ^MtCM't, »tttt±IB* 

3CCOt,i-CB?Sg=Sr4|gtcJfc*cLA:i^0?r#At/c (13 
lCcfeOT. tWNo. <D»fc (X4) £»AL<fc& 
20 ©) . Slatf/rfc'-*©^^ 

[ o o 7 5 ] m i <fc o , *$micfrfrt>tmF 1 ~f 3 

KWRStifc. — Jt$30!CFl. CF2»l,»-r*i«> 
mchfrX f - ^ tctj: ^EWt &->Lfrm?>titj: 
tPifc. CttB. VtffifflC F 1 , CF2W a ft*5 
ci*7nbr^.s„ iot, X®(Ci»t>-C*^M© 
pHSrl 0W±{CS^LfcCi*i. M^^m^©*SS 

30 [0 07 6 ] ycfC. ±fB" S i MA S NMR©«S 
fcr>-C». Bruke rSSMS L - 3 0 OWBSffll 1 , 

[ii£t44KHz, ^-;u^rara9 o »r «jeote. -e©*s 
iH&ig2tC7jvr„ &*jpi0{c*ji»r. ^tt«^5*;uv 

[0077] ssmf i -f zjmtmmc f i , c f 

i^Q 5 «, *fl^L-ri»ai-^S i O, Hfflft COS i (O 
Si=) s D icMmZtx, t>*^4 KJQ' ©*?r^ 
f. filOf-JQ' B^r-<®f©iBI^(cJ:»)fe£L'fcQ 
40 4 [Si (OS is) , ] {OfiJSSftSS i O, SSffifo 

©f-^sss^^-r. 

[0078] mm* *)%ahtiz cr<t<. s«4fi, F2 

«. *ffl"J©b--^Q 3 W*%fr->tc. Sfc. S^N-F 3 12 
2Ea©f-^»ni^L,3!P-5/c 0 — tb^MCFl, 
CF2B, £^»J©tr-i'Q , tf^Sftitc. C©*£*, 
^-Xti(C*i^-C, *jg«©pH£l 0U(±«:iSJ$-rS 
CifcJrO. Mfffl©^ (fi^) (Q* f-f) * 

^ffi?si4^j©gmccj: *)+fmmzti. mmmmut 

50 (Q 3 £-40 4*<»J«3-e*4C»5jai»*« 
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[007 9] £ fc, ^ 1 1 ~F 3S.O'J;b«5WC 
Fl. CF 2CDfife5>^*TO*Sm^ ; l:^-ro ±iB^»f«^E 
t*F 1~F 3RC«t«WCF 1 . CF2CD^WL-fcM 
*JR. gS5©MS%. *tetmF l->-F3aotJt« 

wcfi. cF2*aflt9 6oicK*ji,>r«aei/. mm 



14 



[0 080] ISJglJ: fj . iS:*4F 1 ~F 3 tttMfftC F 
1. CF20-<^>^tt, f$WF l-FS©^^ 
*s, UTtifcJtf^CF 1 , CF2J;H^i:t*i 

[0 0 8 1] 
[*1 ] 



(Si) 


s a % 




c 


H 


N 






F 1 


40.84 


8. 12 


2.45 


35.01 


0. 308 


F 2 


38. 57 


7.90 


2. 37 


39. 21 


0.259 


F 3 


32. 46 


6. 70 


2. 00 


48. 08 


0. 178 


ifc 


CF 1 


17. 34 


3.71 


1.01 


66. 03 


0.069 


CF 2 


15. 69 


3.45 


0.94 


68. 88 


0. 060 



[0082] mm2 

*mi*. S3so { 04(cm-rc:i<. £?L#©M&tttt 
[oo83] mmm 1 (c*»»5krf i om&fcs g * 

lOOmV? h;UD*tC#ffc;?-t£, ftffi&t L,ft. ±IB 

tjrfficfc ^ a^»*ast o m i^nm u it. ±iBS£*s©**7 o 

Oft, cncc<fc0f#e»*lfc^?L»*SM*4F4-C*.S„ * 

fc, jtntMCT3». mmmi ic*s»z$mF i*f© 

So 

[0 0 8 4] ±fBi«*4T4;RJ>'i£^C3(tou-r, 

l iPH&Dg^tcrm*. -€-©*g*5r03«:^T. PJ0 
&*)>mtiZZk<, 4^M8«:*>*>4ttl4T4ia3ltft©^ 

$->L,*^#e»n*A^fc„ cna, mmcsw^ 
-TS cite J: 9, MMKSnfcMMIISCi^-c 

[008 5] xic ±isMm*tx<D±zzmmmm/ism 

■C. IKM«ffiR^(D««S CSTP, IP^Smt^ 
(2 5'C, SC&JlLfc, JM4£?L{* (g) (C*f 

-f •z.gsgtf;*©©^® ( c c ) 5 . tJMttfl&ttBKE 

(p/p. > -c&s. cc(c p». mm<DMM&, p 



20 . tt- 1 9 6'C{C*jW5^©^f0^m)E-C*-S o 

[0 0 8 6 ] |SJiaJ;f9»I*l-5C:i<. f5§f4T4©gSCR 
^/JlBtt^SHiteP/Po =0. 3 5Cte^-S3i^±* si 3 

«. P/P, =0. 3tcteW-5. f*f4T4©Sf?L^©^ 

[0087] tmmc 3 ©»a/ittiit^Si(i«s? 

«T 4 tetter. £JI3*i*SO. i->T, th«{WC3© 
jS.114&UWL©@©lfc-1&;J:f#f4T 4 <fc *J 4.*otC> 
30 ft:. C©*6*. ;£26WC*>a>£fln^SI*I%«At;fc 
Ci-C. e^14t«e?L©S©^-tt5cSn/i:^?H**ff 

[0 08 8] S?J£#I3 
*mi*. 05SU>16«:^t!rt<, ^?U*©S£iP B t4tC 
our. 3i^e©WMcJ:£jlU£t8iEf £*>©r$> 

*r. *t?j©a*4T5«couTi«^Ts. mmmi 

KfeltSMMF 1 ©tg-^5 g £ 1 0 0 m -j h ^©?K 

tc^tfcsttfcMSafc*. SS8 o-c-c-3B$ra»n^b/c 0 
40 %&&mco&TLtcm£&zmMM2 tmmtcm&v. & 

tm F 1 ©SSBilgJ: «3^Z^:g**BSLfc«^«l5]« 
©XS(Cj;iDff e>n, ^-©«. t#*S#ifc«^4±iB|5I 

[0 089]-€-Ur. i*WT5S.O'J:b®fi»ICT4K:'3(,> 

r. ^x^|5]»Ti^^R#^®^©s^*<f^fc„ ± 
fB«»*x^lHl»f©®ISccourw. *56fia|i ilH«©S 

<. ^Ba{c*i*5i*l4T5»^©7^«J§CCS^< 

50 B*r^*->*«WIi«:WKSnfc. -77. tk®F9CT4 
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W£tchi»~C. f - t> ^Wtctjii, >WVi>* 5* - > LM§h 

fc. 

[009 0] ^«C. ±E««aHKttlIC0«)e(COt»-C 
"T. ISJSi 0 *DftS C t < , f#f4T 5 OMNMUtt* P 

/p, =0. 3cc*ws£fc±*»»>as£*T. 

i35iSiittac«(ffl?w)a<oi&— tttc«h"cc» * c t 
fc. 

[0 09 1 ] — Jt«WC 4 ©K«^Si^Ci5ef4T 5 

ccjtb^f, £jE#A#a>ofc. i-st, tbiSfllc 4 ©*S 
SffiRViHB?L©S©^— ttttt#BT 5 J: 0 
Ci**|aJo/t. CCDigm. »:2I«**ALfcC£T. 

isatt4*B?L©a<o^-tt<c«nte^?w**»&c taw 

[0 09 2] *5fc0H 
Itt* F 1 OtK&ttO&fttt® p H * 8 . 5 KHR L/c 

&. iag7o-ct3 b#p5so-4 8 mr&mm l /c item 
cfshscbf KDmrjLm&ni&Ltct&n-c&z. lb 

tmC F 6 »Kf4F 1 ©Stett©*M«K© p H * 8 . 5 
L SS 2 5 °CT? 3 B#|H]]8S(g L. fc. 
[009 3] -e-cr. S$I4F6, F7RO*ib«?«a|CF 
5. CF6tC-Di»r. SSJ6W1 i^«©it&*Xi^lel*f© 
M&fcfrO. *flMS**H7tcwbte. trfc. RHONE 
i*{C*Jt»t:^3 ft/c* Mt 5 0 0 0 c p s ©At 3 
^jSLTTt^-5. &*5, cpsilJcount per 
second^rSIISOfctO'C, 1 #118 ©X *§*©#■}> 

[0094] mm&r>*atl?>Ct<. K**F6. F7S 
CfttRMC F 6 5*telf©A?f1#iSK:g-3< BJr'<*-> 
«?tl/t. tb$5WCF5(C-3C>r«. A^jgitt 

[ 0 0 9 5 3 ±iBi#WF 6 . F 7 RVtiMWC F 

5. CF 6*^*>3m*CC <: fc-,-C4lil?5t^D, &&9 
0 0-C. ei9M(3!)jftiSKJ:»)*?W*tOfc. ±fB^?Lf* 

©ssnttfco^-tk, mmt,c®3ixn®VT<D®m.ztf-o 

ft. -€-©iteS:*ia8{C7F-r. ££*4F6. F7£9 

\mzinfc$>im*tmn , ts, tb^cF5, c 

F 6 <£ *3 fls«3 *ifc*fl.flc*tfc«WC T 8 , CT9iC 
/c„ 

[o o 9 6 ] mm£*)*atizct<, »I4T7S^T8 

««SH©A:*1ftj&{cS-3< H*r^ir->*JIHW«:»WE3 
ft/c. — J±^WCT8R0 r CT9ttJtt/c6*>T?t- 

* a t- f - > l*»» 6 nr . jBtK&c&ua 
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[0097] ±jfi©is*j: o , same 

jiff L/c. *Lt, ±iBj§£#=&$sfi£L/cC<!:(Cj:o 
o/c. 

[0 09 8] 

139 . 01 0{C7n^CT«i:<. HUgWI 1 <fc ttMft 

10 S-Tttabtc. r£*Mf§L/c. BP*>. 

V-^(SiO, /Na, 0= 2. 0 0) £ja&7 0 0 
'ClCis^X 6B#ra. mm*F-C^fiKL. 5-Na, Si, 
O s ©*Sg*f#/c. ifBS-Na, Si, O s ©40 0 
Og^fx^StWWL, »*«iWc. ±fB 
4 0 y * h >\><D 4 * >3c£*{C#flfc 3 3 Bflia 

m^L/c. -7 4*$-7uzzm^-c±!szft#. 

*«fc9. *fiKL/cS?H**v-r h^igML/c. 
[0 099] JW±tC«fc0ff 6n/cS?@*^-7^ h&2 0 
0 0 g©^.+"9-7 r 5^;l' h U y 5 1 ;l'T> ; fc— ^Ai?D5>f 

20 K©7Kjg^6 o y v bMcfttosa, frffimtvtc. a 

*s ±f e#tfc&© pHiJl 2 . 3 "C * -5 . ^CC, ±f B^fJt 
®*SS8 0 y h^©^14Sj£SS(CU*i, 7 0 "C-C 

MMLtc. um^mj:*), 2mra$mhtc±c*>x\ 2 

T31*/c. *©m, 7 0'C-C5B$[H}Jim&L/c. ijam&T 

[oiooi^tc, v -i^^-^VT.^^, ^4p$*i 
Zc^U(^J;0Sl^*jiBlL/c. ±IBHJf^*6 0 y 9 
h;l/©*(C^f?L. SffL/c. -e©^. 

30 ^-eso*?itjSL/c. /«c*j, ±smmticmstcft%iRv 

(CteU-C. -BIHtt*Lfc. 

[0101] ^(C. ^©i^TL/c±ia@^5rmflg^ 
tct9:AL. ^#H«©T-C)Bi!lgMffl?:ff-5/c. ±fi« 

)Bifli^©ss* 2 0 'c/mm-c 4 5 0 -cs -c 

L , -?-©^ 4 5 0 °CCC 3 B^PbIM? L/cC iJCfcOtf 
o/c. S«fClftJii«iJI©*57LfcH^«»*S5yiP*ffl 
ti. 5 0-CT?6B#H«feliRL/c. cn«Ccfc*3. 

40 [0102] ^K±E«JB*jSK iS^?L<*(Co^r , 

$mmi iisj«©»*x«ns»fscj^«iM2 <ti5i«©s 

ML/c. 

[0 10 3] /=f*J. ±fBl»*X«S[51Sf^a9(c. 

•/attSB^ian^s 1 0 (c^-r. ^9^0, *{«j©^?l 

sn/c $/c, lai oj:i). *w<D&im<D®.m/Mffi 
*»*K*p/p. =0. 3(c*5^sit%±*Jo*5^ai! 
r. -en«Ji--r©®«^aiSti^/d6^-c^b^ii>/j:^ 
50 o/c. i-,t, *PH©^?L^i, {fi©H^CT,t|5i«|{c*S 
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.SlttROWLODlMJiSj— tttcgftTI,* £ C 4 A^JoTc. 
[0104] 51^6 

lai nc^r C4<, T^m^m^tc^mt 

(B#^UH -/iV-y, SiO, /Na, 

0=2. 0 0) 50 g, ifc£l»«25 g£, 0. 1 MCD 

1 0 0 0 m •; v hMCftfoZHtt. Sfc. -€-©#ffri&© 
pHttl2. 0 /c„ 10 

coio5] iis^tfcs*. 7 o °c-c 3 mr$imbts:& 

<L&C«fcD:5>ftSr$©pH*8. 5{C83KLfc. S«C. 7 0 

xrcaisimwki,. Mfi£-c#*Pi,fc. ^sn/c^ti 
^sawcK^uts-tt&a, ttsanftttu tow* 

mm. 5 5 O'C-CSIfiXL, 2«li©i»;^4£f#fc., 
[0106] fcLBctt). ne>titc2 H©l$f4«:*sc> 20 

«*©wsE*tTofcia 1 1 cctk-t cri < , ±122 ««© 

[0107] ±l32«ffl©i#f4£9 0 o*c*rtti 
^Ufc^CCii^rfe, ±fB4*©lsl*ff- ; ? ; ?)S^3 
ft, Cft6®WI4*«l«l.»Wl»tt*SVrci36««ofc. * 30 
fc, 5 0 eW^-fKv-y^l^CilcJ;^, 

B1 443m' /k iiSl^ffi^Lfc. «±KJ:«5, * 

wr § 4 1» 9 «n&tt«* w-r 4ci*i«^ fc. 

[0108] HJfe«7 

@i2^i5ic*ti:i<, -r 

3ftfc£?l#4*©te©{crH>r3iWrSfc©-C*.5. 

nfc4>©T?*S„ 1 f©a^f:*, 3. 6g©3 6%S 
&7kiS?£<t lB0m!l» h;l<©x£y-;l<4©jg£ri£K: 

atsts-a-fc. ■*©», _hia#t«g£gi#Lo-o. 5 0*c 

[0109] ±fBia0^S^J«r. HCX, 3 . 8 g©3 6 
%igm<.mWLt 1 5 Om'J •> h;u©xiry-;u4©jg^ 

fc. JjeB«£AN«. E«cfc5— K. 3. 8g©3 6 50 
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%m&frfeWLt 1 5 OmU v hJl/©x$y-jU4©jg^- 

^tc^-fas-s. o-c-ceum jjn&i/fc. 

±feig^fS «fc 0 ms^MK^tWKx. <t n mn. l 

[0110] ±B&nmc*tL. »*x*@ira>ig*r»]Jt 

a. fiE3R«««a«. "S i MA SNMR^iffiU, * 

©tsmfcisi 2~ii 4tc7SLfc. fete, iteateti* 
mm 1 Rumm 2 $ txtemmic ^n-oft. 
1 0 1 1 1 ] m 1 2 fcjivr cri < , ±ta«9*x^[5]jT© 

L-C. ±E-f*>«aiffiK:J:»). «^»©rtSP^6^ffi 
iSttflbPN&S ft. Mi\jfi&f& 3 ftfc e 4 ifims. i ft 

•ft. 

[ 0 1 1 2 ] m 1 3 tCTfrr CT4 < , ffittftME ( P/P 
„ ) =0. 3 5ffifiKisW4, Jifa^^©*^S^©ti 
*±0>9l£. «fla*tcJ:5*?L#©*ii (0 1O#RS) 
J:t>fitr*5. cfttcfo. -f*>saw**x:j:»>«iil, 

fcflBlffi** <t 0 "C&S c t^Slig 3 nrc. 

[0113] ^cfc. ±ia^*5RS^ia^cfcc>-c. be 
Tmtc£K>§tmi.tciimMmx. 900m 1 /gift 

PICfiiifeo/c. Ctx{C«fc»). -/•^->3^^{CJ:»5W® 

ate xz&imz *) , Miimm— c 4*j*ijo 

[0 1 1 4] 01 4(C^-r£Ti<, "Si MAS NMR 

mztitc enccjro. wffiffittM^^-remr©^ 

[0115] iC^f, m 1 5 iC HJ6{?(5 tenktm-gt 
Df#6nfc^?L(*©. "S i MASNMR£?!WSL-i*i:iliS 

s^^bfc. pia«to*onsc:<b<. ^&(cj:su?l 

i*©Q J ©f-i'ttiK. Q 4 ©f-i'diiO^lBW-c 
*o/c. CWJ, •Y^->S^S«cj;-S^?L(*©^ffi(c 

[0116] ^5^-;US*s<t'5^<??S-rSU?L^«: 
*Jt>T«. ^-©ifffl?Lrt^. iO^KWifeO. 7K^©fffi 



s 



t 
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20 



[on j]mmm8 

IWlt, 016. HI lT&Vm2Km-?tt<RW&& 

flfl5S CC„ H lntl H' (C H, ) » J -?xi~7 4 F (n = 
8, 10. 4>*l>ttl2) <h, — CC„ H Jntl H* 
(CH, ) s ) ?n?-fF (n=14, 1 6*£t>Wl 
8) ^fflL/fco CCKn«, ST/l'+Ah'J^^T 

[0118] sr. syswsiiiHfteL-tjtrs^-w 

*Wh£, 0. l^CDT^^^h^^T^- 
fc„ C©B$, #fSH8©pH«l 1. 5-12. 5©®B 

ic$>itc. ±Mtmmz 7 o'c-c 3B#ra. a*p^a#«6 

*?lST-rSCiCCj:f3, 8. 5{C8B£l/fc. M(C. 7 0 
•C-C3B$P^^tL.T. SSStJ&SJL/c. 
CO 1 1 9 ] &ipf£. iJ&HKffiJ:«7B7B£j«ft**ift 

(S2) 



* %mw,Jh^m^mm.mx 5 5 0 °c. 6 onmeisu 6 s 

[0120] &m.<o^im^.^x, ^xmii 
*f©Ettrafc«. mmmmmmm^mmm 1 Ryufteu 2 

<fclBI«©#ffi«:«fc»)»J£L. HI 6, 017CC*O/c„ 
tSiUffi (10 0) lc*MZXm®Vr%i&<}; Off© 

^ti/c^?L<*©ffl?Liifi. b e TmrnffiRVMimmz 

*i2 tC^L/ fc„ 

10 [0 1 2 1 ] Ml 6 J: Dfcnft m^XB^Vr^ 

*jt,»r. (>-rn©£.?if*«ctei,>T*>. Av#t*j&*jj*-r@ 
Wt*-i'* i si^§nft: 0 frte, miac;:*s^r. n = 8, 

n=10. n= 1 2©[al#fe-£' i^Tfc to 
tC, CtlfctC-oira*. 2te{c4£*l,fcfil0 ) &iBOfc. 
016. 01 7 j;«)^ai$*ifc*2«C^c:<!: 

[0122] JgfC. ^ULfSROWLita^TJU+^iK 

s#s< astern*. cn(cit). 

-S C £ CC J; *) . £?L*fc©ifffl?L£$WT SCt #nJ#|-C#> 

[0123] D»fc, BET^M«<tr;u*;HI[Si:©ra 
^(CtO. n=8^<iBETiil!i, T***M 

[0124] 
[IR2] 





(nm) 


(nm) 


BETSM 
<m 4 /g) 


(cm* /g) 


n = 8 


3.09 


<1.3 


680 


0.25 


n = 10 


3.28 


1.6-1.9 


999 


0.5 


n= 1 2 


3.68 


1.9-2.2 


923 


0.65 


n= 14 


3.90 


2.1-2.4 


1017 


0.85 


n = 1 6 


4.38 


2. 4-3. 0 


1031 


0.95 


n= 1 3 


4.90 


2.9-3.3 


929 


1.05 



[o 1 25] mmmQ 

018. 01 Qic^tctKim&mt&tcmw-rz. 
&x$>z>. tmmuz, &.T<oc:£<Bf&?2>. s-r, 

iktivXZi^, 54g, *187. 2 g, Ql%Wm 

2. 5 s, ■^+-^-r^^h ^^T>*^-r>Ad7a7 

-/K3 3. 5g£E£U K£tt£HSELfc. C©^ 
KDpHBl 1 . 4-C*ofc„ 
[0126] ±faSf£«5rf-7a> (^ffiS) §?©* 



40 - b fU-^mcAtl. 1 10T-C7 BFfflfln$k(/fc. 

mmm<Ds.mm<Dpmti 1. s-e&o. m^ph 

Ail OJ^TfcTtfoT^&^CtASMfSSftfc. ±fBS 
IW«fc*sWS@0ifiS^=&. ttfltc.fc'JiattU 30 0 

£j#B*««Bll/fc«. 5 5 0-C, 6^H. ^tpic^ 
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